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Abstract

The characterof most forest ecosystemsin the
southernU.S. has beenshapedby tire. Indians and
early settlersburned the woods for many purposes.
After a period of trying to exclude fire, foresters
recognized its value as an ecological force and its
necessityasa managementtool. This chapterdescribes
the history of prescribedburning in the South, its
effectson forest resources,and its use in regenerating
the southernpines.Firesare prescribedbeforeharvest
to control small hardwoodsthat would competewith
young pines of the next rotation and to prepareseed-
beds for natural regeneration,and after harvestto
reduceloggingresiduesandagainto control competing
vegetation. Prescribed tires are also applied, for
example,to improvehabitatfor certainwildlife species,
to control disease,andto increaseforage for grazing.
Implementationof a prescribed-burningprogramand
factors affecting tire behavior and influences are
discussed.When properly applied,prescribedtire has
many benetitsand few adverseenvironmentaleffects.
Although considerableinformation about prescribed
burning hasbeenaccumulatedover the decades,much
remainsto be learnedto tine-tune the practice in an
increasinglyurbansociety.

12.1 Introduction

Prescribedburning— fire Setunderplannedconditionsto
accomplishspecific managementobjectives— is often used
in the regenerationof southern pines. The successful
mixing of fire and pine regenerationis not just a happy
coincidence.Fire hasalways beenan importantecological
forcehelping to shapethe structureandcompositionof the
southernU.S. forest [28]. Indeed,the southernpines have
adaptedto a regimeof periodicburning,not only tolerating

it but requiring it (or the conditionscreatedby it) for self-
perpetuation.

This chapter discussesthe use of prescribed fire in
regeneratingsouthern pines, environmental effects of
prescribedfire, and factors affecting fire behavior and
influences. Because prescribed burning is a valuable
managementtool from the standpointof both versatility
and cost, foresters needto be well acquaintedwith the
benefitsandliabilities of this practice.

12.2 History of Fire in the South

Before humans inhabited the Southeast 10 to 20
thousandyearsago,lightning servedas a mutagenicagent
which forcedspeciesandcommunitiesto adaptto fire [28].
With the arrival of theearlyIndians,however,fire occurred
more frequently. Indians were the first people in North
America to practice what we now call “prescribed bur-
ning.” They preferred the open grasslandor savannah
resulting from frequent burning — environments that
provided accessto grazersand browsers and to the wild
grains, berries, and legumes that appeared after fire.
Frequent(often annual) fires that reducedthe growth of
heavy underbrush (“rough”) created the grassland and
forestspresentwhenEuropeansettlersarrived.

Europeansettlers,whoselivelihood was often basedon
huntingandherding, quickly discoveredtheadvantagesof
firing the southernwoods.Exceptionally vigorous under-
story growth had to be controlled to provide abundant
forageandbrowse.Frequentlow-intensityburning kept the
“rough” manageable,but did little to harm the pine and
pine/hardwoodoverstory.

The logging industry migratedto the South from the
Lake Statesjust before the turn of the 20th century. Yet
aftera few decadesof exploitive logging, mostof thevirgin
pine foresthadbeencut, and fires set to consumelogging
residues,as well as those to improve grazing, prevented
regeneration.Over37 million hectaresof cutovertimber-
lands facedprofessionalforesterswhenthe lastvirgin pines
werebeing cut [49]. It wasobviousthat control of random
woodsburning was mandatory to allow the forests to
regenerate.

The properuse of fire wasmuch debated,butgradually
experienceandscientific evidenceaccumulatedsupporting
the importantrole of fire in southernforestecosystems.In
the early 1900s,H. H. Chapman[7] of Yale University
advocatedtheuseof prescribedfire in longleafpine (Pinus
palustris Mill.) management. The wildlife biologist
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Stoddard[58] publisheda major studyon bobwhitequail
(Colinus virginianus) which showed the importanceof
prescribedfire in the managementof this species. The
consequencesof a fire-exclusionpolicy werebroughthome
by a seriesof disastrouswildfires which convincedmany
foresters of the need for prescribedfire to reduce fuel
hazard and, therefore, wildfire damage. Today, many
forestersrecognizeprescribedfire as an essentialforest-
managementtool, but the generalpublic haslittle under-
standing of its use and importance. Its benefits and
liabilities arestill beingdebated.

12.3 Implementinga
Prescribed-BurningProgram

Prescribedburning is widely usedtoday but,becauseof
its potential hazards,should be conductedonly by well-
trained experiencedpersonnel.Eachburn is affectedby a
unique set of stand, fuel, and weather conditions and,
therefore, requires extensive planning. Becauseof the
numerousvariables that affect prescribedburns, only a
generaloutline for planning prescribedburns summarized
from Brown and Davis [5] andMobley et al. [41] can be
presentedhere.

12.3.1 ThePrescriptionProcess
A clear description of managementobjectives is a

prerequisitefor all other steps in planning a burn. Both
primary andsecondaryobjectivesshould be stated.If, for
example,the primary objective is to provide browsefor
white-tailed deer (Odocoileus virginianus) and the
secondaryobjective is to control understoryhardwoods,
severalburnsat intervalsof 2 to 6 yearsmaybe prescribed.
If the primary objectiveis siteconversionfrom hardwood
to pine, a hot broadcastburn during summerwould be
prescribed to reduce logging residues and improve
plantability of the site. Thestatementof objectivesshould
also indicate the specifics of the desiredoutcome (for
example, how much vegetation should be killed or
consumed)and fire intensity.This information may allow
managersto chooseamongseveralfiring methodsthat will
provide thesameresults(see12.6.2).

A written descriptionof theburn unit shouldinclude its
location and size, its fire history, anda completedescrip-
tion of the overstory, understory, fuels, soil type, and
topography.Units should be small enough to be burned
completely under one set of burning conditions, usually
within a day. A unit’s actual sizemayvary from less than
one to severalhundredhectaresdependingon management
objectives, firing method, laws and regulations, and
available personnel.A detailed map should show the
boundariesof the unit, indicatingthe presenceof naturalor
artificial fire breaks. The map should also show land
ownership,topography,placementof fire lines, areasthat
should not be burned, potential escape routes, and a

diagramof the firing method.Potentiallyhazardousareas
within the burn unit, such as those with heavy fuel
accumulation,should be indicatedon the map, as should
specialcasessuchasscenicareas,streamsides,archaeologi-
cal sites, and cemeteries.Whenever possible, selected
boundariesshould take advantageof natural fire breaks
suchas swampsandridgesor artificial fire breakssuchas
roads,skid trails, andpowerlines.

Wherefire breaksdo not alreadyexist, fire lines should
be established,usually by plowing before burning and as
close to the burn dateas possibleto minimize litterfall in
the lines. To reduceerosion,fire lines shouldbe shallow
andon the contourin hilly terrain. Waterbars should be
constructedon steeperfire lines. Linesshouldbeas straight
as practical, and sharp corners shouldbe avoided; brush
andsnagsneartheboundariesor left within linesshouldbe
removed.An extraprecautionaroundhazardousareasis to
plow parallellines andburn the areabetweenthembefore
igniting the entire unit. Additional fire lines within the
boundariesof burn units are required for some firing
methods.

A burningprescriptionshould statethe yearand season
of burning, and the weather and fuel conditions under
which theburnwill beconducted.Selectionof thebestyear
to burn depends on vegetation size and management
objectives. Burning every year, for example,provides a
highdegreeof protectionbut is usuallyimpracticalbecause
of limited fuel buildup. In the Southeast,areasare com-
monly burnedevery2 to 4 yearsto reducefuel buildup;this
period allows sufficient accumulationto supportburning
without significantly increasing the danger to overstory
trees.

The seasonof burning is relatedto fire intensityand the
stageof vegetativedevelopmentthat will bestsuit manage-
ment objectives.Winter burns are common for reducing
wildfire hazard and controlling understory vegetation.
Theseburns typically are cool and causelittle damageto
overstory trees. Spring bums are difficult to conduct
becauseof variable weather conditions and interference
with wildlife breedingseasons.However, they effectively
kill small vegetationwhich is rapidly growing andhighly
susceptible to fire damage. Summer burns are most
effective at killing competing vegetation, reducing fuel
buildup, and preparing seedhedsand sites for planting.
However,theyposethehighestrisk to overstorytreeswhen
present.

Selection of the specific day to burn can be the most
difficult step in fire planning becausenumerousweather
and fuel conditionsmust be considered.Becauseof the
large numberof variables involved, relatively few days
eachyearare optimalfor prescribedburning,andmanagers
may be temptedto burn on marginal days when manage-
ment objectivesmaynot be satisfied.Severalprescriptions
that will achievethe desiredresults for dayswith different
weatherconditionsshouldbedeveloped.

Accurate weatherforecastson the day of burning are
essential.The rangeof acceptableweatherconditions is
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generallyso narrow that burning can be conductedonly
during a portion of the day. In the Southeast,acceptable
weatherconditionsfor understoryburningmostcommonly
occur in the winter, 1 to 3 days aftera cold front passes.
The cold front is typically accompaniedby rainfall and is
followed by steadynorthwesterlywinds, low temperatures,
andlow relativehumidity. Logging residuesaregenerally
broadcastburned in the summer.The presenceof cured
fuels resulting from herbicide application or felling of
unmerchantabletreesleft after loggingallows burningsoon
aftera soakingrain.

The choiceof firing methodis determinedby thedesired
fire intensity.Headfires (thosethat travel with the wind or
upslope)producehigh temperaturesand tail flames.These
bumsare effectivewherefuel loading (the totalamountof
materialavailablefor combustionata giventime) is low or
for site preparationwherethereis no overstoryto protect.
Backing fires (those that travel against the wind or
downslope)producerelativelycool temperaturesandshort
flames; although saferthan head fires, backing fires are
more expensivebecausethey move slowly. Severalfiring
methodscombinetheeffectsof headandbackingfires (see
12.6.2).An experiencedfire managermust selecta firing
method for a given set of objectivesand conditions but
remain flexible, changingthe techniqueas necessaryto
allow forunexpectedstand,fuel, or weatherconditions.

Managersshouldevaluatefire effectssoonafterburning
to determinewhetherthefire achievedthestatedobjectives
and,if not, what additionalstepsarenecessary.If a second
burn is required, the entire planning processshould be
repeated.Damage to the timber stand should also be
considered.Most southernpineswill survivewhat appears
to theuntrainedeyeasexcessivedamage.However,growth
ratesmay be severelyreduced.On thebasisof the degree
of stand damage, the managermust judge whether to
salvage damaged trees, harvest the entire stand and
regenerate,ordo nothing. With well-plannedand-executed
prescribedburns, damage is seldom severe enough to
requiretimberharvest.

12.3.2 Local, State,andFederalLaws
Before beginning a prescribedburn, the fire manager

shouldbe familiar notonly with thetechnicalaspectsof the
practice,but also with thelaws andregulationsgoverning
fire use to avoidpossiblecriminal chargesor lawsuits.Fire
candestroypropertyor causeinjuries, andsmokecanbe a
health or safety hazard. Laws regulating prescription
burning in the Southdiscussedby HauensteinandSiegel
[23] andSiegel [57] are summarizedhere.However,state
forestry agenciesshouldbe contactedto determinethe
currentlocal laws which applyto prescribedburning.

Most laws concerningprescribedburning deal with the
control of air quality or preventionof wildfire. Effectsof
prescribedfire on air quality are governedmainly by the
CleanAir Act of 1970 (PL 91—601)andmajoramendments
in 1977 (PL 95—95).Although the impact of theselawson

prescribedburning is somewhatuncertainat present,the
general trend is to allow individual states to establish
smoke-managementguidelines(see 12.3.3).

Most southernstatesrequirea written permit or at least
some form of notification of the intent to burn that will
forewarn fire-suppression organizations such as state
forestry agenciesor local fire departments.Many states
haveestablishedspecificrestrictionsto prescribedburning:
several prohibit burning within a certain distance of
specified land-useareas(such as residentialor recreation
sites), some restrict burning to daylight hours to limit
visibility problems,and yet othersrestrict burning during
some portion of the year (particularly during the fire
season).Almost all southernstatesprohibit burning during
droughts.

Laws also exist concerningcivil liability for personal
injury and property damage.Any person conducting a
prescribedburn canbe foundliable if damagesresultfrom
the fire itself or the smoke it produces,regardlessof
whethera law hasbeenbroken.Generally,the injuredparty
mustprovenegligencein eitherstarting thefire or controll-
ing it. In severalstates,the landowneris liable to the fire-
suppressionorganizationfor fire-fighting costs when a
prescribedfire escapes.

12.3.3 Smoke-ManagementGuidelines
The practiceof prescribedburning includes the respon-

sibility of wise use, land stewardship,and being a good
neighbor.Eachuserhasan obligationto minimize adverse
environmental impacts. Although research on smoke
managementis relatively new, guidelinesarenow available
in the SouthernForestrySmokeManagementGuidebook
[64]. Smokemanagementis also discussedby Mobley et al.
[41] and Mobley [40]. A brief introduction to smoke
managementis presentedhere, but managersshouldbe
thoroughlyfamiliar with the Guidebookbeforeconducting
anyburn.

Currently, most southernstateshavevoluntary smoke-
managementguidelines which are intendedto be useful
without being excessivelyrestrictive. A few statesrestrict
the issuing of burning permits during periods of high air
stagnation,andmost restricttheuseof rubbertires,asphalt,
andother hazardoussmoke-producingagentsfor starting
fires. Many stateshaverules which addressthe amountof
soil in burnedwindrows, preventionof smokehazardsnear
roads,airports, and residential areas,and curtailment of
burning whenair is heavilypolluted.

Objectivesfor prescribedburning shouldbe compatible
with air-quality laws andregulationsandshouldconsider
bothon- andoff-siteenvironmentalimpacts.Plansshould
be madeto notify fire-suppressionorganizations,nearby
residentsor businesses,and adjacent landowners of the
intent to burn. Should wind direction change,burning
crews must be preparedto control traffic on affected
highwaysand extinguishthe fire, if necessary.A system
describedby the Guidebook, [64] which is available for
several typesof computers,aids managersin the planning
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processby identifying smoke-sensitiveareasand critical
targets, determining the effects of smoke from various
typesof fuel, andsuggestingstepsto minimize the risk of
adverseeffects.

The impactof smokecanbe reducedby burning under
properweatherconditions.The fire managershouldhave
current weather forecasts with enough information to
predictsmoke behavior.Both surfaceweatherand upper
atmosphericconditions are important.Burning should be
conductedwhenwind is moving away from sensitiveareas
such as highways andhomes.The atmosphereshould be
slightly unstablefor optimum smokedispersalwithout loss
of control of the fire. Burning at night shouldbe avoided
becausevisibility is poor andbecauseweatherand smoke
behavioraremoredifficult to predict.

On the day of the burn, the fire managershouldcheck
with pollution-control agenciesabout pollution alerts or
temperatureinversions. If none exist, a small test fire
shouldbe set to determinethe direction andbehaviorof
smoke.Areas next to roadsshouldbe burnedquickly and
when road use is low; mopup (the work required to
completely extinguish all fire) should follow as soonas
possibleto reducesmokehazard.Wherepossible,burning
shouldbeconductedin smallblocks andwith backingfires
to minimizethe volumeof smokeproduced.

12.4 Burningto EnhanceRegeneration

12.4.1 UnderstoryBurning
TJnderstoryburningin southernpinestandsaccomplishes

numerous forest-managementobjectives. Most of the
prescribedburning in the South is done to reducefuel
buildup,but much of it is doneto improve wildlife habitat
and grazing. However, in this section, we limit our
discussionto burning to enhanceregenerationof southern
pines.

12.4.1.1 Controllingunderstoryhardwoods
The effectiveness of pine regeneration is greatly

enhancedandthe expenseof sitepreparationreducedif the
hardwoodtrees of the previousstand were controlled by
frequent understoryburning. Otherwise,thesehardwoods,
which competeintensely with establishingpine seedlings,
must be controlled with expensivemechanical and/or
chemicaltreatments.

Long-term researchhas shown that periodic burning
controls the size [diameterat breastheight 1.37 m above
ground (dbh and height], not the number, of hardwood
stems in pine stands (Figs. 12.1, 12.2). The degreeof
control dependsupon the intensity,frequency,andseason
of burning [30,34], as well asupon overstorystanddensity
and site quality. Low-intensity prescribedfires in pine
standsare noteffectivein killing hardwoodstems> 5 cm in
diameter[18], so understoriesmust be burnedfrequently
enough(generallyevery 2 to 6 years)to preventsternsfrom

Figure 12.1. Numberof understoryhardwoods<2.5cm dbh
after30 yearsof prescribedburning,by treatment,for various
species including oaks (Quercus spp.), blackgum (Nyssa
sylvaticaMarsh.),andsweetgum(Liquidambarstyractjlua L.)
130].

Figure 12.2. Diameter distributions of all understory
hardwoods>5 cm dbh after 30 years of prescribedburning,
by treatment[73].

reachingthis size.
Spring and summerburns are more effective in top-

killing (mortality of the stemand crown) hardwoodsthan
dormant-seasonfires [4, 18, 30]. The vigor of new sprouts,
which generally arise from the root collar of top-killed
hardwoodsor from root suckers in certain species, is
greaterfollowing dormant-seasonbums. However, spring
burning is usually avoidedbecauseit conflicts with the
breedingseasonof many wildlife species.

Understoryhardwoods,thoughextremelytenacious,can
be eliminatedby repeatedannualsummerburning;3 to 10
annual burns will eliminate 80% of the rootstocks,
dependingon species(Fig. 12.3a). Burning every other
summer is much less effective (Fig. 12.3b), killing
generally <50% of the rootstocks over a period of 26
years.Biennialsummerburninggraduallyincreasestheoak

50

EJ Misc Hordioc s
40 ~ 00k,

Wockgurn
0

Swne,gijin
-..~ 30
0
0c

20
Ot

E

(I) 10~
Control Periodic Periodic Annool Bienniol Annual
(No burning) Winter Summer Winter Summer Summer

Burrung Treatment

1000

900
5-10 bin d.bh.

800 0-IS net d.bti.

to
-~ 700 5-20cm d.b.n.
N

600 2Cr cm d.Sh.
n

500
C

-~ 400
E

300

200

100

1~-
Control Peniodic Periodic Annuol Sienciol Annuol
(No burning) Winter Summer Winier Summer Sunoner

Burning Treatment

238



Figure 12.3. Cumulativemortality of hardwoodrootstocks
over 26 yearsof annual(a) andbiennial (b) summerburning
for sweetgum,biackgum,oaks,andwaxmyrtle(Myrica spp.)
[30].

component becauseother associatedspeciesare more
susceptibleto fire-causedmortality. Annual winterburning,
evenif donefor decades,will notkill hardwoodrootstocks
[30]. Occasionalburning often increases the per-area
densityof hardwoodstemsbecausemultiple sproutsarise
from singletop-killed stems.Moreover,hardwoodspecies
compositionis unlikely to bechangedby burning rotations
of 4 to 6 yearsbecauseno hardwoodspeciesareeliminated
andall sprout.

12.4.1.2Enhancingnaturalregeneration
The southernpines canbe regeneratedwith any of the

classicalnatural regenerationmethods(see chapter3, this
volume).Prescribedfire may be usedfor seedbedprepara-
tion in mostcaseswith thesemethodseitherbeforeor after
logging, dependingon the time of harvest.If logging is
scheduledfor the dormantseason,the seedbedshould be
burnedlate the previoussummer [76]. A seriesof burns
beginning2 to 3 yearsbeforeharvestwill be necessaryif
understory hardwoods and fuel buildup are serious
problems.The first burn shouldbe a cool winterburn to
reduce fuel loading; subsequentsummer fires provide
additionalhardwoodcontrolandseedbedpreparation.

Preharvestbumsare normally of low intensity (flame
lengths< 1 in). Eventhoughmostlow-intensityfiresdo not
exposemineralsoil, aburnedseedbedis usuallyadequate.

A study in the CoastalPlainof North Carolina[76] showed
that anaverageof 9 soundseedswere requiredto establish
1 seedling on a mechanically disturbed, mineral soil
seedbed,whereas 15 seedswere needed on a burned
seedbedandover40 seedson anunburnedseedbed.

Preharvestburnshavebeenusedto prepareseedbedsfor
most of the traditional natural-regenerationmethods.
Burningis recommendedbeforethereproductioncut of the
seedtreeand shelterwoodmethodsfor loblolly pine (P.
taeda L.) [2], slash pine (P. elliottii Engelm.) [56], and
shortleafpine (P. echinata Mill.) [31]. Low-intensity burns
havealso beeneffectively usedto regenerateloblolly pine
in the CoastalPlain [35] andPiedmont[68] by clearcutting
with seedand/or seedlings in place. Many natural pine
stands have become establishedfollowing clearcutting
whenseedfrom adjacentstandsfell onburnedseedbeds.

If logging is scheduledfor spring or summer,it maybe
bestto delayburning until afterharvest.A preharvestbum
at this time would destroy recently germinated pine
seedlings and give hardwoodsprouts a year’s growth
advantageoverpine seedlingsthat becomeestablishedthe
next spring.A post-harvestburn in late summerpreparesa
good seedbedand allows pine seedlings and hardwood
sproutsto begin growth on a moreequalbasis.Caremust
be takento preventdamageor mortality of residualseed-
treesor shelterwoodtreeswhenburning follows spring or
summerharvests.

Fire is often used with other treatmentsto prepare
seedbeds.Hardwoods> 5 cm in diameterare riot consis-
tently killed by low-intensity fire and may needto be
treatedwith herbicidesbeforeor afterburning (seechapter
13, this volume). Seedbedsare often choppedbefore
burning whenloggingis conductedin spring and summer;
chopping reduces the vertical componentof fuels and
allows burns to be conductedwith fewer flare-ups,which
coulddamageseedtrees.

12.4.1.3 Specialconsiderationsfor differentpinespecies
Loblolly pine seedlingsare readily killed by fire. The

South Florida variety of slashpine (var. densaLittle and
Dorman) is more fire resistantthan is the typical variety
(var. elliottii) becausethe former sproutsfrom budsnear
the root collar when tops have been killed by fire.
Shortleaf, pond (P. serotina Michx.), and pitch pine (P.
rigida Mill.) seedlingsalsosprout from dormantbuds[29].
Becauseseedlingsare eitherkilled outright or setbackby
fire during their earlyyears,however,prescribedburning is
not recommendedfor mostpine speciesuntil they are at
least3 to 4 rn tall.

Longleafpine can tolerate,and often requires,frequent
fires whenin the grassstageto controlbrown-spotneedle
blight (Scirrhia acicola).Onceroot-collardiametersexceed
1 cm, longleafpine seedlingsresist fire damage.Winter
burning is recommendedif surveys of crop seedlings
indicate20% or more of their foliage is infected with the
disease [3]. Frequent burning also reduces hardwood
competition which, along with diseasecontrol, hastens
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growth of longleafpine seedlingsout of the grassstage.
Becauseof its ability to withstandfrequentburningwhenin
theseedlingstage,longleafpine is betteradaptedthan other
species to the use of prescribed fire in uneven-aged
management[3].

Prescribedfire caneasily destroystandsof thin-barked
speciessuch as Virginia (P. virginiana Mill.), sand [P.
clausa (Chapm.ex Engelm.)Vaseyex Sarg.],andwhite(P.
strobusL) pine. Therefore,the preharvestuse of fire to
prepare seedbedsfor these species is limited at best.
However, becauseof its typically sparseunderstory, the
Choctawhatcheeraceof sandpine(var. immuginata)canbe
burned underproper weather and fuel conditions [46].
White pine,which is adaptedto cool northernaspectsin the
southern Appalachians,is especially sensitive to overly
intenseburns.Indeed,fireswhich consumeall the litterand
duff may adverselyaffectlong-term siteproductivityof all
species.

12.4.2 Site-PreparationBurning
Forsuccessfulregenerationof southernpines,someform

of sitepreparationgenerally is requiredafter clearcuttingto
decreasethe amounts of logging residuesand control
competing vegetation. Logging residues cast shade on
seedlings,occupyspacewherepinescouldbegrowing,and
makeplanting more difficult and expensive.Phillips and
Van Lear [48] reportedthat logging residuesaveraged67
Mg/ha from bottomlandhardwoodstands,20 Mg/ha from
natural pine stands,and 7 Mg/ha from pine plantations.
Fuel loads of up to 157 Mg/ha, including litter, duff, live
vegetation,andslash,havebeenreported in the southern
Appalachians[52].

Two methods of prescribedburning are used for site
preparationin the South. Broadcastburning refers to the
burning of logging residuesas they lie in place (see
12.4.2.1). Pile and windrow burning (“pile and burn”)
generally refers to the use of heavymachinery to push
logging residuesinto pilesor windrowsbeforeburning (see
12.4.2.2).Burningof residuesresultsin moderate-intensity
(0.5 to 2 million J.sec1.m)to high-intensity(2 to 4+ million
J.sec1.m) fires; fire intensity is greaterthan with understory
or preharvestburning becauseof firing methodsandhigh
fuel loadings.

12.4.2.1Broadcastburning
Broadcastburning is generallyconductedin summeror

early autumn following harvest, in combination with
chemicalsor alone. Herbicidesareoften usedto kill herbs
andshrubsthatregrow afterharvestbutbeforeburning(see
chapter 13, this volume) with the techniquepopularly
called“brown andbum.” Application of herbicidesallows
burningsooneraftera rainwhensite damagewould be less
likely; moreover,herbicidespreventhardwoodsprouting.

A techniquewhich does not use herbicides has been
developedand tested in the southern Appalachians[1].
Residualtreesleft afterharvestof hardwoodor mixedpine-

Figure 12.4. Percentreductionby weightof logging residues,
by fuel diameterclass,afterburning [521,

hardwoodstandsare felled in spring after leavesare nearly
fully developed,allowedto cure for about 2 months,and
burned in early to mid-summerwhen sproutingvigor of
hardwoodsis lowest [18, 78]. Pines are planted the
following winter. This techniqueallows sitesto be burned
within daysof soakingrainswhenduffandsoil aremoist.

The general goal of broadcastburning is to improve
plantingconditionsby reducingloggingresidues.However,
at the same time site quality must be protected.These
seemingly conflicting goals can best be reconciled by
burning underthe properfuel and weatherconditions.In
the presenceof curedfuels,burning within a fewdaysof a
soakingrain removesover90% of the fuel particles<0.6
cm in diameter(Fig. 12.4] but only 39% of those > 8 cm
[52]. Consumptionof the smaller particles allows for an
easierand, therefore,betterjob of handplanting. On the
Andrew PickensRangerDistrict in South Carolina,pine
seedlingsurvivalhasconsistentlyexceeded90% with hand
planting after broadcastburning [47]. If the site is to be
machineplanted,a V-blade in front of the tractor pulling
the planting machine can easily displace larger fuel
particles(seechapter17, this volume).

Broadcastburning offers severaladvantagesover pile
and burn. Becauseheavy equipmentis not required,the
techniqueis less expensive,soil compactionis reduced,
forestfloor andtopsoil are less disturbed,and steepersites
canbepreparedfor regeneration.After burning,somelarge
debris andpart of the forest floor remain; their presence
reduceserosionandreturnsnutrientsto the soil. The herbs
that germinatequickly after broadcastburning also help
prevent erosion and improve wildlife habitat. Broadcast
burning canbeconductedmorequickly thanpile andbum,
which reducescosts and decreasessmoke-management
problems.Althoughmostfiring methodscanbe used,aerial
ignition is increasingly preferred becauseit allows for
much faster ignition of multiple units under near ideal
weather,fuel, andsmoke-dispersalconditions.
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12.4.2.2 Pileandwindrowburning
On aboutone-third of the land burnedfor siteprepara-

tion by industry, logging residuesare pushedinto pilesor
windrows and burnedat a later date. This pile andburn
techniqueremovesmorelogging residuefrom the site than
does broadcastburning and provides greatercontrol of
competingvegetation.In areaswheremachineplanting is
desired, pile and burn is preferablebecausebroadcast
burning usually will not removethe largerdebris; it may
alsobe preferablewherelogging residuesaretoo light and
scatteredto supporta broadcastburn.

Whenslashis pushedinto piles, caremustbe takennot
to disturbthe forestfloor andmineralsoil. In many cases,
much of thehumus, top soil, and associatednutrients are
displacedinto piles and windrows, degradingsite quality
[6, 43]. Further, includingsoil in burn piles andwindrows
causes them to smolder for long periods. Without the
convectionupdraft from an active flaming front, smoke
from this glowing combustion phase may linger near
groundlevel for daysor weeks,polluting theair.

12.5 EnvironmentalEffectsof
PrescribedBurning

12.5.1 Vegetation
Mostsouthernpineslargerthan saplingsize cantolerate

a relatively high degreeof crownscorch,especiallyduring
thedormantseason,with minimumeffectson survival and
growth [29]. Evenduringsummerand earlyfall, pole-size
loblolly pine can generally tolerate all but complete
scorchingof foliageandstill recover.Lower crownclasses
are more susceptibleto fire-induced mortality than are
dominant and codorninanttrees [72]. Smaller trees are
more sensitive and are especially vulnerable to crown
scorch during spring, whenleadersare succulent.Severe
crown scorchusually resultsin bothdiameter-andheight-
growth losses[29]. Length of the first flush following
burning is most affected, with subsequentflushes often
showing little adverse impact [71]. However, some
managersconsidergrowth lossdue to scorchasthepriceof
insuranceagainstwildfire damage.

Hardwoodsarenot generallyas resistantto fire damage
as conifers, primarily becauseof their thinner bark.
However, some hardwoods develop exceptional bark
thickness upon maturity. Yellow-poplar (Liriodendron
tulipifera L.) haslong beenrecognizedas oneof the most
fire-resistantspeciesin the East when its bark thickness
exceeds1.3cm [45].

Hardwoods have developed another adaptation-
sprouting-toensuretheir survival in ecosystemswhere fire
is periodic.Suppressedbudsat or belowgroundlevel often
survive theheatof a surfacefire, andsprout in responseto
thelossof apicaldominance.Generally,manysproutsarise
from a stumpbutarethinnedover timeto oneor a fewper
stump.

The evolutionof light, wind-disseminatedseedby many
hardwoodand pine speciesis probably an adaptationto
frequentburning.Theselight-seededspeciesoften pioneer
on burned seedbeds.Some species, yellow-poplar for
example,produceseedthat remainviable in the duff for
years. Yellow-poplar seed stored in the lower duff
germinatesrapidly following winterprescribedfires [54].

Herbaceousvegetation thrives on burned seedbeds.
Legumesare abundantin youngloblolly pineplantationsin
the GeorgiaandVirginia Piedmontwherelogging residues
are burned [11]. However, singlelow-intensityprescribed
fires in older, unthinned pine stands are not likely to
stimulateproductionof herbaceousplants, becauseeither
mineral soil is not exposed or light is limiting to
germinationor growth.

Community structureis alteredby burning,e.g.,ashrub
layermay becompletelyeliminatedandreplacedby a grass
and forb layer if burning is frequent[30]. The absenceof
fire will favor more shade-tolerant, less fire-tolerant
species, and successionwill proceedtoward a climax,
ratherthanafire-maintainedsubclimax,communitytype.

12.5.2 Soil andWater
Theinteractionof many factorsdeterminestheeffectsof

fire on soil andwater[62,75]. Mostevidenceindicatesthat
low-intensity prescribedfires have few, if any, adverse
effectson soil andwater propertiesandmay increasesoil
fertility. Low-intensity flames (<1 m flame length)
normally consumeless than half the forest floor [4, 27],
leavingmineralsoil exposedin only smallisolatedpatches
evenwhenburning is repeatedoverseveralyears [39,42].
Whena portion of theforestfloor remainsandthefine root
mat is intact, mineral soil is protectedand soil physical
propertiesareunaltered.

Soil erosionis generallynot increasedin relatively steep
terrain when either low- or high-intensity bums are
conductedunderproper fuel and weatherconditions.Soil
lossesfollowing single prescribedburns in the Piedmont
havebeenminimal [4, 12]. A high-intensitybroadcastbum
in the southern Appalachians conducted soon after a
soakingraindid not increasesoil movementon slopesof up
to 43% [67]. The presenceof residualduff and root mat
maintain favorable hydrologic conditions on properly
burnedareasandminimizeerosion.In addition,shrubsand
herbs often regrow more rapidly on burned areas,with
obviousadvantagesforerosioncontrol andwildlife habitat.
In contrast,Ursic [63] foundthat sedimentlevels on burned
watersheds were several-fold greater than those on
unburnedplots, althoughsedimentoutput was only about
1.1 Mg/ha.

Effects of prescribedfire on soil fertility are difficult to
predict. Long-termstudies(Fig. 12.5a,b)haveshownthat
levels of organicmatterandtotalnitrogen(N) are higherin
the mineral soil on annually burnedCoastalPlain plots,
probably becauseof greaterabundanceof herbsand N-
fixing legumes[37]. Levels of available phosphorusand
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Figure 12.5.Levelsof organicmatter(a) andtotal nitrogen(b)
in theforestfloor andmineralsoil (0- to 10-cmdepth)after30
yearsof prescribedburning[37].

calcium also are higher in mineral soil on those burned
plots.

Effects of prescribedburning on soil N vary. Nitrogen
availability increased following burning in a mature
loblolly pineforestin thePiedmontof North Carolina[53].
However, long-term burning in an oak-hickory stand
reduced available nitrogen [66], apparently due to an
adverseeffect on substratequality.

Nitrogen losses generally result from volatilization
during burning. Amounts of nitrogen in southernforest
soils vary widely, butprobablyaverageabout2,200kg/ha
[14], most of which is unavailable to plants. Nitrogen
volatilization during low-intensity burning in loblolly pine
rangesbetween22 kg/ha [27] and 112 kg/ha [74]. High-
intensity fires usedto reduceamountsof logging residues
volatilize larger quantities of N. However, nitrogen is
continually being added to southern ecosystemsvia
processessuch as nitrogen fixation and wet and dry
deposition.JorgensenandWells [26] andVan Lear et al.
[69] showedthat 1 to 4 kg/ha of N wereaddedannuallyto
the site via nonsymbioticN fixation in undisturbedpine
stands in the Piedmont.Jorgensenand Wells [26] found
thatnonsymbioticN-fixation ratesincreasedfrom about 1
to 26 kg/ha annually when poorly drained CoastalPlain
soils were burned. Nitrogen inputs from precipitation
approximating6 kg/ha annuallyhavebeenmeasuredin the
southernAppalachians[61] and in the upper Piedmont
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[69]. Becausethe quantitiesof nutrientslost dependon the
intensity and frequency of burning, managers should
considerburning programsin which inputsbalanceoutputs
for themostcritical nutrienton that site.

Prescribedfire can affect water quality by increasing
sedimentationand, to a lesserdegree,dissolvedsalts in
streamfiow [62]. However, most studies in the South
indicatethat effects on water quality are relatively minor
andtemporary.DouglassandVanLear[16] found that two
low-intensityburnsbeforeharvesthadno effectonnutrient
or sediment concentrationsin ephemeralstreamsin the
Piedmontof South Carolina.Richter et al. [50] failed to
detectany major impact of prescribedfire on soil-solution
nutrientlevelsin theCoastalPlain.

12.5.3 Air Quality
Smokemanagement— i.e., planningandexecutingburns

so that smokeis rapidly dispersedinto the atmosphereand
awayfrom sensitiveareas— may hold thekey to continued
burning in the Southeast[70]. Unlessadequateprecautions
aretakento protectsensitiveareas,prescribedburning will
becomemorerestricted(see12.3.3).

Particulates,which are complex mixtures of soot, tars,
andvolatile organicsubstances,either solid or liquid, are
themajor pollutant in smoke [15, 19, 51]. Large particles
(50 to 100 j.tm in diameter)normallydrop out nearthe fire
and causefew problems,However, most of the particles
formedin forestfiresareof submicron(0.1 to 0.5 ~.tm)size,
typical of a combustion aerosol [38]. Under certain
atmospheric conditions (low wind speeds and high
humidity), smallparticulatesserve as condensationnuclei
resulting in densesmoke or combinationsof smoke and
fog. Reducedvisibility duringandafterprescribedfires has
causednumeroushighwayaccidents.

Smokeoften accumulatesin depressionsor along stream
channelsand other low-lying areas. When the relative
humidity approaches90%, which is commonat night, fog
formation is stimulated by the presenceof smoke. The
combined effect on visibility of smoke and fog is far
greater than that of smoke alone. Even smoke from a
smoldering fire several days old can seriously impair
visibility far from its origin under certain atmospheric
conditions.

In additionto particulates,carbondioxide, water vapor,
gaseoushydrocarbons, carbon monoxide, and nitrous
oxides are releasedfrom fire [8]. However, only a small
proportion (<3%) of the total national emissions of
particulates,carbon monoxide,and hydrocarbonscan be
attributedto prescribedburning.

12.5.4 Wildlife Habitat
Wildlife habitat can be improved or degraded by

prescribed fire as numerous studies and several
bibliographiesandsymposiahaveshown [21, 22, 36, 77].
Prescribedfire can improvehabitatof many gamespecies
by increasing sprouting of browse (woody plants),
providing seedbedsfor legumes and herbs, stimulating
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germinationof seedstoredin the forest floor, andsetting
back successionto createor maintain cover. However,
prescribed fire can degradehabitat of certain wildlife
speciesby destroying nesting sites and cavity trees and
simplifying community structure(seechapters21 and22,
this volume). Knowing the habitatrequirementsof species
to be managed,particularly thoseof threatenedor endan-
gered species,will allow fire to be usedor prohibited as
appropriate.

Just as plantsandplant communitiesin the Southhave
adaptedto frequentburning,so havethe residentanimals.
Effectsof fire on the habitat of the white-taileddeer and
bobwhite quail have receivedthe most study. Increased
sprouting of hardwoodsand other browseafter fire has
been well documented[32, 34, 60]. Burning generally
increasesprotein, phosphorus,and calcium contents of
browse,as well as enhancesits palatibility, althoughthese
effects are often short lived. In addition, periodic winter
andsummerburnstemporarilyincreasenumbersof woody
plants,forbs, grasses,andlegumes.Forageyieldsin Florida
were higherafter spring than fall and winter burns [33].
Repeatedannualsummerburnsdestroyrootstocksof most
browse,thuseliminating understorymast-producingplants
and allowing sites to be dominatedby fire-tolerant forbs
andgrasses.

Althoughmostburning regimesincreasesprouting,they
maytemporarilydecreasefruit production.Fruit production
of galiberry(hexspp.),huckleberry(Gaylussaciaspp.),and
blueberry(Vacciniumspp.)wasreducedthefirst yearafter
prescribedburning in 16- to 30-year-old slash pine
plantationsin Georgia,but markedlyincreasedby thethird
year [25]. In Florida, fruiting of gailberry plantswas set
backthe first yearby fire, but washeavythe secondyear
[24]. Fruit productionof woody shrubs did not differ on
burnedandunburnedpine plantationsin eastTexas3 years
after burning [59]; moreover, dogwood (Cornus spp.)
fruiting was increasedby winterburning underdensepine-
hardwoodoverstories.

The increasein abundance and seed production of
legumesfollowing fire is well documented[9, 13, 58].
Stoddard’sclassicstudy [58] showedthat populationsof
bobwhite quail could not be maintainedwithout regular
annualburning. Nearly all the legumes(93 species)and
grasses(59 species)usedby quail thrive in fire-maintained
savannahs.Insects, which are an important part of the
quail’s diet, alsopreferopengrasslandscreatedby frequent
burning [28].

The red-cockadedwoodpecker(Picoides borealis), an
endangeredspecies,generallynestsin open,parklikestands
of pine with sparsemidstories. Prescribedburning is
recommendedin old-growth pine stands to provide
potential nesting habitat by controlling the density and
height of the hardwood understory [65]. Conner [10]
discussedeffects of prescribedfire on snagsand cavity
trees. Although burning may destroy snags, which are
easily ignited, it may also createsnagsby killing other
standingtrees.

Deer,turkey (Meleagrisgallopavo),andquail are three
major gamespeciesfavored by the relatively open pine
standsand improvedbrowsecreatedby periodicburning.
They apparently are favored by broadcastburning to
removelogging residues,as well. However,somewildlife
speciesmay be disadvantagedor actually hurt by regular
use of fire. More researchis neededto determinethe
requirementsof nongamespeciesbefore fire can con-
sideredin managingtheir habitat [77]. (For more informa-
tion on wildlife interactions,seeChapters21 and22, this
volume.)

12.6 Factors Affecting Fire
Behavior and Influences

The successor failure of anyprescribedburn is largely
determinedby fire behavior. In a mature pine stand,for
example, a slow-moving low- intensity fire may be
satisfactoryfor reducinghazardsor preparingthe seedbed,
whereasa high-intensity fire may causeseveredamageto
overstorytrees.A fire managermustbeableto predict fire
behaviorbefore ignition. Although experienceis the best
teacherfor predicting fire behavior, an understandingof
severalclimatic, vegetative,and topographicfactorsis the
first step.

12.6.1 Fueland Weather

12.6.1.1 Fuelcharacteristics
Fire intensity is directly proportional to the amount of

fuel surfaceareaexposedto oxygen [5] and is generally
greater with increasedamounts of fuel. However, the
arrangementand surface-to-volumeratio of fuels are
important.Whenvertical fuels,suchas standinggrassesor
pine needlesdrapedovershrubs,arepresent,fuel surface
areais much greaterthan if the sameamountof fuel was
lying on the ground. A fire in vertical fuels is hot and
moves quickly. Moreover, the amountof fuel surfacearea
is affectedby thesizeof fuel particles.Largefuels,suchas
felled stemsor branches,have small surfaceareasand
producecool fires that burn over long periods.Finefuels,
such as pine needlesor grasses,have relatively large
surfaceareasandburn quickly andintensely.

Fire intensity is also closely related to fuel moisture,
whoseeffecton combustioncanbedescribedas a smother-
ing of thefire [5]. For combustionto occur, enoughwater
must be boiled out of fuels to allow oxygen buildup.
Because energy is required to evaporatewater, fires
burning in moist fuels are coolerand spreadmoreslowly
than thosein dry fuels.At 7 to 10% moisturecontent,fuel
consumptionwill be nearly complete.Burning at slightly
higher fuel moisture contents is often recommendedto
leave some fuels unburned,to help preventerosion and
nutrientloss. Whenfuel buildup is heavy,burning at high
fuel-moisturecontents is recommendedto produce cool
fires that will protect overstory crop trees. For most
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objectives,prescribedburning shouldbe conductedwhen
themoisturecontentof fine fuels is between7 and20% of
dry weight [41].

Fine fuel moisture contentis closely relatedto relative
humidity.As relativehumidity drops,evaporationincreases
rapidly, allowing oxygento reachfuel particles.Fuels are
usuallytoo moist to burnwhen relativehumidity is above
60%.In contrast,fine fuelsareextremelydry whenrelative
humidity is 20% or less, andburning becomesdangerous.
For most objectives, prescribedburning shouldbe con-
ductedwhenrelativehumidity is between30 and50%[55].

12.6.1.2Wind andtemperature
Wind can influencefire behaviorin severalways. Any

air movementincreasesthe supplyof oxygen to fuelsand,
therefore, fire intensity. Wind also tilts flames, which -—_______________________________________________
affects the rate anddirection of spread.When flamesare
tilted toward unburnedfuels (head fires), the heat of the
flame tip increasesfuel drying and, therefore,the rate of
spread.When flamesare tilted away from unburnedfuels
(backingfires), wind dispersesheat away from unburned
fuels, causing flames to travel slowly. Some wind is
beneficial when using either head or backing fires to
disperseheat and, therefore,reducedamageto overstory
trees.Without wind, heat rises directly over flames and
mayscorchcrowns.

Acceptablewind speedsfor prescribedburning range
from 1 to 5 rn/secwithin a stand,or 2 to 9 rn/sec6 m above
the ground in open areas.Backing fires canbe usedwith
wind speedsat the upperendof theseranges,butheadfires
should be limited to lower and moderate wind speeds.
Windsshouldalso be from a consistentdirection to ensure ____________________________________________________
predictable fire behavior. In the South, westerly or
northwesterlywinds in a high pressuresystemfollowing
thepassageof a wintercold front aremostreliable;easterly
windsareunreliableexceptin coastalareas[41].

Ambient temperaturepartially determinesthe amountof
vegetationkilled by any prescribedfire. Summerfireskill
vegetationmorereadilythan winter fires becauseless heat
is requiredto raisetemperaturesto lethal levels.To protect
overstorytreesfromexcessivescorch,burning at relatively
cool temperatures,—10 to 100C,is recommended.Tempera-
ture also affects relative humidity and fuel moisture.As
afternoontemperaturesrise, the air holds more moisture
and relative humidity drops.Therefore,relative humidity
shouldbemonitoredthroughoutaprescribedburn to ensure
thatburningstayswithin recommendedguidelines.

12.6.2 Firing Methods
The choice of firing method is an important step in

predicting fire behavior and achieving management
objectives. Under a given set of fuel, weather, and
topographicconditions,fire intensitycanrangefrom low to
high dependingon the firing method chosen. A fire Fires follow any of threegeneralpatterns.Backing fires
managermustnot only carefully selecta techniqueto fit move into the wind or downslope,are typically cool, and
prevalent burning conditions but also remain flexible to travel slowly (Fig 12.6a).Head fires move with the wind,
alterthechosentechniqueif conditionschange. are typically hot, and travel quickly (Fig. 12.6b).Flanking

(c)

Figure 12.6. Firing methods:(a) backingfire, (b) headfire,
and(c) flankingtire.
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fires move perpendicularto the wind andare moderately
hot (Fig 12.6c).Every firing methodavailableto managers
producesoneof thesepatternsor any combinationof the
three.Firing methodsdiscussedby Mobley at al. [41] and
Brown andDavis [5] aresummarizedhere.

12.6.2.1Backtire
The backfiretechniqueusesa seriesof parallelbacking

fires, eachmoving into the wind or downslope.Fire lines
are preparedaroundthe boundariesof the burn unit and
through its interior at right anglesto prevailing winds or
along the contourof a slope.Interior fire lines shouldbe
parallel andapproximately200 to 400 m apart. The first
backingfire set shouldbe on the leewardside of the burn
unit or along the ridge; subsequentstripsof fire areset in
order,fromleewardto windwardor downslope.

The backfiretechniqueproducesthe leastintensefire of
any firing method,moving approximately20 to 60 rn/hour
andcausinglittle crownscorch.It is the safesttechnique,
particularly in heavy fuels. However, backing fires are
expensivebecausethey travel slowly and require interior
fire lines. Strongwindsaredesirableto dissipatesmokebut
have little effect on the rate of spread.This techniqueis
best suitedto areaswhere fuel loading is high, summer
burning,oryoungstandswherecrowndamageis likely.

12.6.2.2 Strip-headtire
The strip-head fire techniqueuses a combination of

backingandheadfires to burn an nreaquickly (Fig. 12.7).
It producesa relatively intensefire and, therefore,should
be limited to standswith mediumto tall treesor to open
areas.Fire lines arerequiredaroundthe boundariesof the
burn unit butnotwithin it.

At first, abackingfire is seton theleewardsideor along
the ridge of the unit. After the backing fire effectively
widensafire break(thecombinationof fire line andburned
land), a secondstrip of fire is set parallel to the first
approximately20 to 60 m upwind or downslope.Because
thereare no interior fire lines, the secondfire strip splits

Figure 12.8.Thering tire technique.

into a headfire movingtowardthe backingfire set earlier
anda secondbackingfire. As the headfire meetsthe first
backingfire, heatfrom thetwo combine,greatly increasing
fire intensity for a short period. After the fires burn out, a
third strip is set aheadof the secondbacking fire. The
processis then repeateduntil the entire unit has been
burned.

Thestrip-headfire techniquehasseveraladvantages.It is
lessexpensivethan backingfiresbecauseinterior fire lines
are unnecessaryand less time is required.The method is
flexible becausethedirectionof fire stripscanbealteredto
adjustfor variationsin wind direction. Sinceit producesa
higher intensity fire, it can be used under marginal
conditions (such as high relative humidity and fuel
moisture or low temperatureand wind speed) or in flat
fuels(suchas hardwoodleaves).

Care should be taken, however, to prevent scorching
causedby high fire intensitywhenbacking andheadfires
meet. Burning at low ambient temperaturesis recom-
mended,asis limiting thedistancebetweenstrips.Because
headftres build in intensityasthey movethrougha stand,
excessive heat buildup is avoided when the distance
between fire strips is small. However, short distances
betweenstripsalso shouldbe avoidedbecauseof increased
costof laborandtimerequiredto bumanarea;moreover,if
the distancebetweenfire strips is small, a largeportion of
the stand will be burned under the effect of two fires
comingtogetherandaveragefire intensitymaybe toohigh.
Theproperspacingbetweenfire strips isbestdeterminedat
the time of burning by experiencedpersonnelwho can
judgeby prevailingfuel andweatherconditions.

12.6.2.3Flankfire
As with all firing techniques,the flank fire technique

begins with a backing fire to securea fire break.Then,
severalfire stripsare set into the wind or perpendicularto
thebackingfire. Eachfire stripbumsat approximately450

Figure12.7.Thestrip-headfire technique.
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from the wind direction. Fire strips should be uniformly
spacedand set at the same time. Therefore,good com-
municationbetweencrewmembersis essential.

The flank fire techniqueis mostoften usedto supple-
ment other burning techniques, particularly to speed
backingfires. This techniqueis rarely usedoverlargeareas
because considerable knowledge of fire behavior is
required to produceuniform results.Any change in wind
direction can quickly producea head fire. Where lateral
flanks meet,heavyturbulenceand fire whirls candevelop,
causing excessivescorch. Flank fires are best used in
medium to tall standswith light fuel buildup or in open
areas.

12.6.2.4Ring tire
The ring fire techniquecombinesbacking, head, and

flanking fires. Fire lines are plowed aroundthe burn unit
anda backing fire is set on the leewardside to producea
fire break (Fig. 12.8). Once the fire break is secure,strips
of fire areset aroundtheperimeterof theentireunit. Since
eachfire stripmoves away from thefire line, thereis little
chancethatfire will crossfire lines.However,whenseveral
fire stripsmeetin thecenterof a unit, fire intensity is very
high. Strongconvectioncolumns,which cancarry flaming
embersoutsideof theprotectedunit, oftenresult.

Thering fire techniqueis bestsuitedfor openareassuch
as those about to be seededor planted. Becauseof its
typically high intensity, the ring fire is well suited for
reducing logging residues.It can also be used in older
stands when fuel buildup is light and weatherconditions
are marginal for burning; however, extreme caution is
mandatory.

12.6.2.5 Spottire
The spotfire techniqueis particularly useful for burning

largeareasquickly and is the mostcommontechniquefor
aerial ignition. Oncea fire break is securedby a backing
fire, spotsof fire are set at auniform distancealongparallel

lines (Fig. 12.9).Eachspotactsas a backing,flanking, and
headfire. Whenfires are lit by groundcrews,spotsareset
on fire simultaneouslyalong each line. When fires are
aerially ignited, spotsare set on fire alongone flight line at
a time. Both with ground crews and aerial ignition, the
entireburn unit is seton fire quickly, resulting in numerous
circularfires in a gridpattern.

The spot fire techniquewasfirst developedin Australia
in areas where only 40 to 50% coverageby fire was
desired.Fires wereset when fuel moisture contentswere
high so that eachspot did not influence the others and
burnedout beforeflamescametogether.The techniquehas
beenadaptedto southernU.S. forestswherecompletefire
coverageis desired.In such areasthe distancebetween
spots is critical for controlling fire intensity. If spotsare
widely spaced,individual spotscanbuild up hot fire heads
andcreateexplosiveconditionswhenflamesmeet.If spots
are too close, fire junction zones will be numerous,

Figure12.9.Thespotfire technique.

increasingfire intensity.Theproperdistancebetweenspots
varies according to fuel and weatherconditions but is
generally 40 to 60 m. Becauseintensity is typically high
with this technique,use of spot fires shouldbe limited to
mediumto tall standsandopenareas.

12.6.3 Fire IntensityandResidenceTime
The moreheatproducedby a prescribedfire, the more

vegetationwill bekilled andthe morefuel consumed.Most
trees becomemore resistantto heat as they grow larger
becauseof greaterheight and bark thickness. Therefore,
hotter fires are required to kill larger vegetation.During
prescribedburning,treesarekilled eitherwhenenoughheat
is appliedat the baseof a stemto girdle the cambiumor
severelydamagethe root systemor whenfire intensity is
relatively high and the heatrising abovethe fire becomes
sufficient to scorch leavesand buds. However, southern
pines are more likely to be killed from a combinationof
crownandstemdamagethanfrom eitheralone[17].

Lethal temperaturesare determinednot only by the
amountof heatproducedby prescribedfire, but also by the
duration of exposure,or residencetime [20]. Brown and
Davis [5] defineresidencetime asthe timerequiredfor the
forward spread of a flame front to travel a distance
equivalentto the depth of that front. Plant tissuecan be
killed instantaneouslyat hightemperaturesbut canalsobe
killed at lower temperaturesif residencetime is increased.
For example,Nelson [44] found that pine needleswere
killed whenexposedbothto 640Cforonly 3 secondsandto
520Cfor 11 minutes.

The combination of fire intensity and residencetime
must be consideredwhenplanning a prescribedfire for
specific objectives.Backing fires producerelatively little
heat but can havesufficient residencetime to be letha].
Dependingon theheightof thevegetation,backingfires are
more likely to damage stems and roots than crowns.
Waldrop and Lloyd [71] observedmortality of young
loblolly pinesaftera winterbackingfire causinglittle or no
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crowndamage.Strip-headfires aremore likely to damage
crownsthan stemsof olderpines.Heatrisingaboveflames
is often sufficientto kill unprotectedneedles,butresidence
time is too short for heatto penetratebark andreachlethal
levelsatthecambium.

12.6.4 PrescribedBurning onSlopes
Sloping terrain,which is commonin the Piedmontand

mountain regions of the Southeast, can complicate
prescribedburning. Effects of slope on fire are similar in
some ways to thoseof wind. A fire traveling up a steep
slope resemblesone being pushedby a steady wind. The
hot tip of a flame is tilted towardunburnedfuels,promot-
ing fuel drying andincreasingfire intensity.However, fires
burning on level terrain producean indraft causedby a
convectioncolumn aheadof the fire. The indraft, which
tends to slow headfires, doesnot occur on slopes.Fires
travelingdownsloperesemblethosebackinginto thewind.
Flametips aretilted away from unburnedfuel, so drying is
not asrapidandfire intensityremainslow.

Wind patternsin slopingterrain mustalso beconsidered.
As the Earth’s surfacewarms during daylight hours, air
rises,causinga prevailing daytime upslopewind in hilly
terrain. Wind speed increaseswith elevation because
greatervolumesof air are moving upslope.The combina-
tion of slope effects and upslope winds will causehead
fires to travel much more quickly than on flat terrain.
Prevailingupslope winds are most common underclear
skiesandweak pressuregradients.Strongpressuresystems
createheavywinds that may completelyoffset convection
effects[5].

Fuelmoisturecontentvariesby aspectin slopingterrain.
Slopeswith a southernexposurereceivemoreradiationin
theNorthernHemispherethanthosewith a northernaspect.
Therefore, fuel drying is much slower on north-facing
slopes and prescribedburning more difficult. In many
cases,a backing fire canreadily be usedon the southern
side of a mountain whose northern side cannot support
evena headfirebecausefuelmoisturecontentis too high.

12,6.5 Safety
Any prescribedfire can growout of control andcausea

wildfire. Precautionsfor preventingwildfires, as discussed
earlier, include proper planning, preparationof the burn
site, andexecutionof the fire. However,precautionsshould
also be taken to ensure the safety of personnelworking
with thefire andthatof thegeneralpublic.

No burn should be conducted without experienced
personnel.Thefire bossmustbefamiliar with theparticular
burning techniqueto be usedand the burning conditions.
The fire bossshouldexplain to all personnelthe organiza-
tion of the crew, communication procedures, exact
proceduresfor the chosenburning technique,andoperation
of all equipment.How to deal with unusually hazardous
areas,such as those with heavy fuel loading, shouldbe
discussed,as should how to prevent crew fatigue and

excessiveexposureto smoke.Eachcrew membershould
wearprotectiveclothing includinga hardhat, leatherboots,
a long-sleevedshirt, loose-fitting cuffless trousers, and
gloves.

The welfare of the generalpublic is of major concern.
Smoke-managementprocedures(see 12.3.3) should be
strictly followed to prevent highway accidents and air
pollution. If the burnedareais readily accessible,the fire
crew should be preparedto control traffic created by
curious observers.Signs should be posted along roads
wamingof possiblesmokehazards.

12.7 ConclusionsandRecommendations

Prescribedfire is a versatile,cost-effectivemanagement
tool in theregenerationof southernpines. Its frequentuse
throughout a rotation controls the size of shrub and
hardwood understory, which makes site and seedbed
preparationless expensive.Prescribedfire can be used
either before or after logging, dependingon seasonof
harvest,to prepareseedbedsfor naturalregeneration.It can
be usedeffectively alone, or in combination with other
techniques,to preparesitesforartificial regeneration.

Properly planned and executed, prescribed fire has
minimal adverse environmentalor social effects. Many
southernforest ecosystemsactually seemto benefit from
periodic low-intensity fires, as evidenced by improved
habitat for numerouswildlife speciesand increasedsoil
fertility of burnedCoastalPlain sites.Becausefire was a
major environmentalfactor in molding southernforests, it
is not surprisingthat theseecosystemsare resilientto both
frequentlow-intensityandoccasionalhigh-intensityfires.

Much remains to be leamedto fine-tune prescribed
burning to attain precise management goals. Proper
planning, and executionaccording to the plan, will help
managersachievethe desiredresultswith minimal adverse
impacts.Numerouslawsandordinancesgoverningtheuse
of prescribedburning, most of which pertain to smoke
managementandwildfire prevention,arealreadyin effect.

As with othermanagementpractices,prescribedfire can
be misused. Practitioners must be aware of potential
damageto forest resources,as well as the possibility of
lawsuits from smoke-relatedaccidents,if prescribedfires
are not conductedproperly. Improperor carelessapplica-
tion of the practice will further restrict the use of this
valuabletool— a loss that forestry canill afford.
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